Adenosine 5'-triphosphate synthesis and metabolism localized in neurites of cultured sympathetic neurons.
Adenosine triphosphate synthesis and metabolism in cultured sympathetic neurons was studied after the incorporation of [2-3H]adenine into intact or microdissected neurites to determine whether ATP is provided locally during neurite outgrowth, when and where it is synthesized and how its levels are regulated at rest and following depolarization. Neurites maintained an independent capability for synthesis of ATP at any stage of growth: [3H]ATP levels increased in neurites in direct proportion to neurite length and equivalent amounts of [3H]ATP were synthesized by intact neurites, by neurites separated from cell bodies or by neurites further segmented into sections. Thus, metabolic labelling of cultured neurons with [3H]adenine provides a simple method to measure relative neurite outgrowth. Neurite ATP was maintained mainly by respiration but also by glycolysis and [3H]ATP levels were stable for at least 14 h after adenine withdrawal when cells were at rest. Depolarization overcame respiratory control, causing a quantitative conversion of ATP to adenosine monophosphate (AMP) and inosine monophosphate (IMP) and the release of nucleosides (adenosine and inosine) and nucleotides [adenosine diphosphate (ADP) and adenosine monophosphate (AMP)]. Release of nucleosides, but not of nucleotides or [3H]noradrenaline, was enhanced by NaN3 or 2-deoxyglucose under nondepolarizing conditions and was prevented by the adenosine transport inhibitor p-nitrobenzyl-6-thioinosine. It is concluded that neurites can use local mechanisms for ATP synthesis that do not depend on a functional connection to the cell body. Any metabolic stress which causes ATP breakdown causes these cells to express a transient purinergic phenotype involving release of adenosine and inosine by facilitated diffusion. To promote the release of purine nucleotides, however, more specific stimuli are required.